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Generic phenomenological
problems in BSM

¥B, L violation
¥Flavor, CP violation
¥Electroweak precision

Impose symmetries to forbid
dangerous terms!



Discrete Symmetry
(e.g. R-, T-, KK- parity)

¥B, LXation

¥Ele%veak precision

Side effect: lightest odd particle
stable DM candidate



Minimal Flavor Violation

Flavor symmetry broken only by SM Yukawas

¥B, L viglagion
¥Flavor @ violation

¥Electroweak precision

Can MFV provide a DM candidate?



MFV In a nutshell

DO Ambrosio et al. 002

—Ly D @YydgrH + @Y, ,urHT +h .c.,

In the limitY, 4! 0 SM quark sector
exhibits large global [3avor symmetry:

Gq = SUB)g ! SUB)u, ! SU)ae

MFV Hypothesis:

In the presence ofiew physicathe SM
Yukawas are thenly source of [3avor breaking

-} Built-in protection against large FCNCs



Basic ldeaflsive Dark Matter Flavor!

Add new matter multipletx

- color singlet
- contains electrically neutral component
- transforms nontrivially undes,,

L~ (N, M@)o X (Ny, My)ue X (Ng, M) dg

For which reps i stable, if MFV Is imposec



Stabllity:

A B C(C D b F

' Fugeglug g ?/.d'#;$ﬁ*-#_'$ Oweak
G H I J

For eachSU(3); ,withi= ¢,Q,ur,dr |,
Oueccay regarded as tensor produdb; q)i

Ouaecay IS @ SINglet under color and [3avor
only Iftriality vanishes:

ti! (p" q)jmod3 =0, i=c, Q, ur, dr.



Triality conditions:
t.=(A! B4+C! D+E! F)mod3 =0,
to = (ng! mg+A! B4+G!I H+I1! J)mod 3 =0,
ty, = (Ny! My+C! D! G4+H)mod3 =0,
tg. = (Ng! Mg+E! F! 1 +J)mod3 = 0.

to+ tug *tez —tc =0 =P Oqecay IS allowed only if

— nQ _I_nuR _|_ndR

(N —m)mod3 =0
mEmQ+muR —I_de

' Is stable If

(n! m)mod3=0




Lowest Dimensional Reps:

(n,m) || SU@B)o ! SUB)u; ! SU(3)4, | Stable?
(0, 0) (1,1,1)
(1,0) (3,1,1),(1,3,1), (1,1, 3) Yes
(0,1) (¢,1,1),(1,4,1), (1,1,9) Yes
(2.0 (6,1,1), (1,6,1), (1,1,6) Ves
(3,3,1), (3,1,3), (1, 3,3)
0.2) (,1,1), (1,6,1), (1,1,8) Ves
(8,8,1), (8,1, 9), (1,8, 8)
(8,1,1), (1,8,1), (1,1, 8)
(1,1) (3,8,1), (3,1,9), (1,3,9)
(¢,3,1), (8,1,3), (1,8, 3)

Many possible models of [3avored dark matte




Example: SU(3)q triplet, gauge singlet, scalar

S! (1,1,0)sm ™ (3,1,1)¢q,

Spectrum &
Mixing with SM Higgs

T
| = I'uSr;I,uSz_V(Squ)-l- L efr,

Effective operators
coupling DM to SM gquarHs



Scalar potential:
VD m%Si! (a 1ij + b(YuYu)ij + .. .)Sj
+21 Si(adj +b(Y Y,) +...)S H H,
|
of Yukawa Spuriong
Rotate to background valuesy, =!',4, Y,=V !,
Diagonalize:S! V S

Spectrum:

Normal Inverted

m? ~ m3 ~ m3,

2 2 2
mz ! My +mgy




Work In EFT:
Ijk ¢~ ((gl QJ (Sk au Sﬁ)

")
E Ouk , = (Bri YW UR; )(S Oy Se),

— "|
2 Gk Qe Of ;= (Bkin¥de (S, Sy,
uké_((gluRJ (SkSE)HT'Fh .C.,

Ijk = ((gl de )(Sksg)H +h.c.,

Ciljk . Include all possible MFV [3avor structures

Ci}k =1 L + 6l +c3(YuYy )i 1k
€.9. T Célllij (YuYy )kt + C%(YuYu )it 1k
+c5 Lin(YuYy )i +-- -,



Focus on one operator, one [3avor structure:

C X
Le = F[(gi Si][S(Ya)ik dr JH +h.C

After EWSB and diagonalization:

C

A?

Lo | 5518 V) STSUV! o dri] +h e

Normal Inverted

Focus on S3 Is the
inverted = DM
spectrum candidate




Relic Abundance;

Lot D 5 mp|Vip|2S5 538 br +h.c.+ ...

Dominant annihilation modeSsS] ! 8t
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Direct Detection:

My |V3i ‘28;!3 Sg(q?di :

i=1
note CKM suppressio
for 1st, 2nd generatio

only b - quark content in nucleon relevant for scatteril

2 .(n
fan " n|myBb|n#= mn2—7 }C); $ 0.04,

S| DM-nucleon scattering cross section

o [Re©@1°|Vis|* f7 3 12,
e 4" m32! 4
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Flavor constraints? AN

= Lo = C%(erd.)(grd.) +h .C

suppressed by

1 m2 | 1 6
compared to SM

Monojet Constraints?

Lo ! 3351V STSLV! adri] +h

Couplings Yukawa, Gq — SkS
CKM suppressed negligible



LHC signaturesHeavy Dark Flavors

Many possible production mechanisms in general:

- Direct production
- Produced In decay of [3avored connector
- Produced In decay of resonance, e.g. Higgs

Heavy dark [3avors may be stable or unstable

- If stable, then multi-component DM (spectroscopy:
- If unstable, typically decay modes (3avor-sensitive



Decays of heavy [3avors

C
Lo ! —5MpVip Vs S3S251 br
C _
- 5 MpVin Vg S3S1dLbr + hec.

So — 5339,
Sl — Sgdg.

1V Vi [*mgm;

Il qu - 1]
512 3" 4
| " " rompt

.y .
"1 10nm - 500Gey decay




Example: production via Higgs decay

—>Z! 171"
pp — hZ
|_> h - S!'S; — bbddS,Ss,
h—S,S, — bbssS;S;.

A1
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25

25

10

0.15

0.15

0.01

MadEvent (signal), Herwig++ (backgrounds & showering)

FDM| tt | ZZ |[WZ |WW

nj > 1,n =2and pr,;, > 80 GeV 12.7 18903.7|202.3|168.5|242.2

Er > 50 GeV 7.8 |5744.1| 20.6 | 20.4 [118.8

Z reconst. and prz > 150 GeV, no ARj.,,z < 1.5|| 43 | 99 | 5.8 | 3.8 | 0.7
Alg. 7z > 2.0 4.2 | 46 | 5.2 | 3.3 |0.03

b-tag 22 | 22 | 0.2 ] 0.1 |0.01

SB! 1, S/ B! 5 with 15fb !, s=14 TeV



Conclusions

- MFV=p»> novel organizing principle for DM
- Flavor intertwined with DM physics
- Predicts new Heavy Dark Flavors

Future directions

- Extend MFV to leptons -- leptonic DM

- Investigate different [3avor representations
- Constrain systematically EFTs of MFV DV
- UV completions for EFTSs



